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the production 24 months later. The reason for this is 
not known, but is apparently due to some building up of 
surplus soluble plant food in dry years. Likewise, this 
is the only eastern area where the April to June rainfall 
just before harvest has any measurable relation to the yield. 

In  district 7 the relation of all rainfall periods to yield 
is positive, whether to a long period of 24 months or a 
short period of 2 months, and also whether the period 
chosen is 2 or 3 years or 2 months prior to harvest. This 
is true of no other area. Likewise, the October-December 
and the January-March rainfall periods show some meas- 
urable influence which, as a rule, is not detectable in most 
areas. The August-October 3-month period shows the 
highest relation, $0.536. This estimate is improved by 
using the rainfall for 12 months prior to the previous 
August,. These two factors together give +0.517. A 
fairly good estiniate in this area can be given on Septein- 
ber 15, 9 months before harvest, by employing the July- 
September rainfall. Then on January 15 this cnn b2 
improved by using the October-December rainfall as an 
X2 factor, and some further reductions in the error can be 
made on June 15 by using as an X3 factor the March-May 
rainfall. This district, like district 5, shows a tendency 
for the errors of estimate to be plus 1 year and minus the 
following year. 

In  district S the same type of relationships we found as 
in district 5, but the correlations are not ns high. The 
fall rainfall has a direct relation to yield, but rainfall 
prior to the previous harvest tends to show an inverse 
relation. Combinations of the fall rainfall into two or 
more factors give the best single or multiple relationships. 
Tliese estimates can usually be improved by using tlic 
rainfall for either the 6- non nth or 12-month period before 
the previous crop. The best single factor is the August- 
October rainfall which has a relution of $0.634 with 
yield per acre. The earliest estimate in tliis area is in 
July, when one can use the January-June previcus rain- 
fall which has an inverse relation to yield, the stme :is 
in district 5. 

In  district 9 two conflicting relationsliips ::re prewiit. 
Apparently in a series of dry years the previous fall rain- 
fall has a direct relation, end in a series of wet years the 
relation is inverse. This cannot be shown stntisticnlly as 
yet. Errors of estimate in this areit are greater thanin 
any other district and predictions appear to be of little 
value. The best single relation is with the rainfall for 
12 months prior to the previous liarvest. 

OTHER FACTORS AFFECTING YIELDS 

Research studies have been conducted in an attempt to 
reduce the errors in judging the yield of g r i n .  The 
influence of the subsoil moisture has been checked by 
using the accumulation of rainfall for 1 to 3 years before 
the dominant period. As WAS shown in districts 3, 5, 6, 
and S this relation is inverse to the current yield; znrl in 
districts 1, 4, and 7 it is direct. 

The theory that the spring rainfall must be forecast 
before onc c m  iinprove t,he est,imat,es has been checked. 
To date a11 t,hnt can be ss.icl is t,liat with the exception of 
district 7 spring rainfall tends to increme the errors as 
often as i t  r9duces t'hem. On 6he ot,lier hand, it is com- 
nion knowledge that spring rains are essentia! to t'he mop. 
In  most districts, however, tallere is some dlrect relation 
between fall a.nd spring rainfall. This inner relationship 
of the two periods might explain the lack of the need for 
using the spring rainfall. Further studies will no doubt 
malie i t  possible to improve the estiniat,es by using spring 
r ninf all. 

The concept that a large mop is followed by a small 
one has be,en tested for all dist'ricts, nnd such a relation 
was found in districts 5, 7, and S t,o some extent. Appar- 
ently, this is important where wheat occupies the larger 
perc,ent,age of the cultivated area. There appear to be 
possibilit,ies in such st8utlies if they could be made by type- 
of-fanning amis. 

The relation of temperature to yie,lcl has been checked 
to some exkiit,, and apparently accounts for some of the 
greatest errors in years of below-normal rainfall. A 
below-normal rainfall, with an above-normal temperature 
in November and December, tends to give the same yield 
ns above-normal rainfall and normnl temperature. This 
accounts in a large measure for the 1914 wheat crop, 
wliic,li wns about twic.e 8,s large as blie fall rainfall and 
acrea.ge. would indicate. The s18andarcl error of estimate 
of the relat,ionships given vary from 2.5 to 3.5 bushels per 
acre in the acres sown. These errors are reduced but 
little when more, than two factors have been used. 

LONGER TIME ESTIMATES 

If possible, it is desirable to estimate the supply far 
enough a.henc1 for it to be of some value in adjusting 
wiiit)er wheat product8ion. From the discussion a.lrencly 
given it is seen that a pre.liminary estimate can be made 
in most areas 1 or 3 months before seeding; and a much 
bet,te,r estiinat,e cmi be rrmcle by the time the c.rop goes 
int'o the clormnnt period, i. e., November or De,cember. 
Estimate,s before seeding must for t81ie most part be 
based on cumulative rainfall for a 12-month period prior 
to the previous 1iarve.st. In  the eastern third of the 
State, bhe estimate,s a.re an indication of the direction of 
variation from the average yield, and me of a practica.1 
value when one considers t'he adrantnges in having some 
idea so far in a,clvance of harvest. Since 1920 there have 
be.en only 3 ye.ars of large errors in district 3, and only 2 
years of lnrge errors in district 6.  The error in the obher 
years was negligible for long-time productmion planning. 
Since a high percent of the United States winter wheat 
crop is produced under conditions similar to  those in the 
different sections of Ihnsas, the.re appears to be a pos- 
sibility of using weather records to indicate desirable 
adjustments in wheat procluction. 
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